Abstract-Perceptual dissociation of moving plaid patterns into independently moving bar gratings occurs most readily when the grating signals are combined as if the bars were semi-transparent objects (Ramachandran, V. S. (1990) in: AI and the Eye. Wiley, Chichester, pp. 21-77. Stoner, G. R., Albright, T. D. and Ramachandran, V. S. (1990) Nature 344, 153-155). These and other examples of motion transparency are exploited to constrain the set of viable models for human motion processing. For example, one may exclude any fixed recombination of local motion signals into a plaid motion signal. Broad classes of linear and non-linear mechanisms for tracking blobs, comers, and other unambiguous plaid motion cues can also be ruled out because they fail to reproduce the experimental results even qualitatively. The shifting balance between the 'coherent plaid' and 'sliding gratings' percepts are attributed to processing stages before any integration or combination of local motion signals. The first essential stage is a roughly logarithmic nonlinearity before orientation filtering. In general, the resulting crossproducts (at the intersections) code unambiguously for the true plaid motion vector, but these signals will be nulled for multiplicatively combined plaid components. Supporting evidence for this idea is obtained in our measurements of detection thresholds for the 'plaid' and 'sliding' percepts. The essential element of the second stage consists of 'end-stop' cells which detect the nullable intersection signal, and so produce a plaid-motion signal with the required characteristics. Finally, it is argued that the ecological role of the proposed mechanism lies in the ability to handle movement of patterned objects in lighting conditions dominated by complicated cast shadows.
INTRODUCTION
The ability to perceive overlaid coherent structures concurrently is a rich source of problems that challenge many of our ideas and models of sensory processing. Even when restricted to visual perception, the term 'transparency' is often applied to a rather diverse collection of percepts based on figure, lightness and/or color cues (Metelli, 1985; Beck and Ivry, 1988) , on disparities (Weinshall, 1991), or on motion (van Doorn and Koenderink, 1982a, b; van Doorn et al., 1985) . The common element is that one can perceive multi-valued yet (piecewise) smooth fields of certain visual attributes. Given this ability, a model of how such attributes are measured and processed must be able to handle multi-valued fields.
Our goal in this paper is to narrow down the set of viable models of human motion processing by using the psychophysics of motion transparency and coherence as a source of counterexamples to many existing or plausible models. In particular, we *To whom correspondence should be addressed.
focus on the consequences of the striking discovery (Ramachandran, 1990; Stoner et al., 1990 ) that a moving plaid is seen preferentially as a pair of sliding gratings when the gratings are superimposed as if they consisted of semi-transparent objects (in fact, by means of a roughly multiplicative combination of their luminance profiles). The results of our extensions of this experiment provide additional criteria for selecting viable models (van den Berg and Noest, 1992) . Complementary to the process of eliminating a wide variety of models, we propose a simple and neurophysiologically plausible set of early mechanisms (preceding any interaction between local motion signals) which can explain the relevant phenomena (Noest and van den Berg, 1992) .
To introduce our use of transparency as a source of counterexamples, we take a first look at its implications for the viability of some existing models of human motion processing. The possibility of ruling out types of mechanism by referring only to their qualitative behaviour on a well-chosen task also serves to simplify the more detailed issues that will emerge when addressing the subtle dependence of motion transparency and coherence on image luminance relations which occurs in the experiment of Stoner et al. and our extensions of it.
Local attribute measurement
Mechanisms for measuring and coding local image attributes are often constrained by demanding their ability to represent multiple attribute values at the same location. The existence of such an ability pleads strongly against monotone-response coding or opponent-processing of attribute values. For example, the usual opponenttype motion detectors (van Santen and Sperling, 1985) , based either on correlation (Reichardt, 1957) or on motion energy (Adelson and Bergen, 1985) , cannot signal motion transparency evoked by two oppositely moving patterns (van Doorn et al., 1985) because they involve the subtraction of signals from sub-units tuned to opposite velocity vectors. If such opponent-type detectors exist at all, then the signals from non-opponent detectors must evidently be dominating the subsequent stages.
Similarly, all 'speedometer'-coded motion detectors are inconsistent with transparency since only one velocity per location is produced. This excludes computing single local velocities v explicitly, for example, directly from the spatiotemporal luminance structure L(x) by using v = -(8Lj8t)j(8Lj8x).
Of course, appropriate spatial structure in the data may be exploited to construct multi-valued attribute fields from single-valued local measurements. For example, the extraction of transparency cues from a static, monocular luminance pattern has to exploit specific spatial structures (e.g., edge intersections) since the superposition of light patterns from multiple sources cannot be undone strictly locally. A natural approach to such problems is to construct a 'channel-based' representation of the semi-local structure of the data. Such schemes are consistent with transparency as well as hyperacuity phenomena (Snippe, 1991) , and also offer advantages in spatial integration and segmentation.
Spatial integration and segmentation
Visual modalities such as motion or stereo show various kinds of spatial interpolation and smoothing phenomena within sparsely sampled patches. On the other hand, there are also many manifestations of the tendency to emphasize the distinction in attribute values between patches. Many currently popular models of the spatial integration of
